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? BSA: bovine serum albumin 
? bTJs: bicellular tight junctions 
? CK2: casein kinase 2 
? Cl3: claudin-3 
? CP: cyotoplasmic domain 
? DMEM: Dulbecco’s modified Eagle medium 
? DMSO: dimethylsulfoxide 
? EC: extracellular domain 
? ERK: extracellular signal-regulated kinase 
? GAPDH: glyceraldehyde-3-phosphate dehydrogenase 
? GFP: green fluorescence protein 
? GST: glutathione S-transferase 
? IP: immunoprecipitation 
? JNK: c-Jun N-terminal kinase 
? LSR: lipolysis-stimulated lipoprotein receptor 
? MAPK8: mitogen-activated protein kinase 8 
? MAPK9: mitogen-activated protein kinase 9 
? MAPK10: mitogen-activated protein kinase 10 
? PBS: phosphate-buffered saline 
? PCR: polymerase chain reaction 
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? PDGFR: platelet-derived growth factor receptor 
? P-JNK: phosphorylated JNK 
? ???????????????????? 
? PKC: protein kinase C 
? ???????????????????? 
? PVDF: polyvinylidene difluoride 
? Pyk2: proline-rich tyrosine kinase 2 
? SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
? siRNA: small interfering RNA 
? SP: signal peptide 
? TBS: tris-buffered saline 
? ???????????????????? 
? TJs: tight junctions 
? TM: signal transmembrane domain 
? tTJs: tricellular tight junctions 
? YFP: yellow fluorescence protein 
? ZO: zona occludens 
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? 1 ?? ??  
1.1? ????????????????????????? 
? ???????????????????????????????????????
????????????????????????????????????????
???Furuse & Tsukita 2006; Furuse 2009?????????????????????
??????????????????????????tight junctions: TJs?????
????????? 1?Farquhar & Palade 1963; Schneeberger & Lynch 1992??TJs??
30 ???????????????????????????????????????
?????????????Gunzel & Fromm 2012?????????????????
??????????????bicellular tight junctions: bTJs????????????
????????????????????tricellular tight junctions: tTJs???? 2?
???????????????????????????????????? 2?
?Staehelin et al. 1969; Friend & Gilula 1972; Staehelin 1973; Wade & Karnovsky 1974; 
Walker et al. 1985; Ikenouchi et al. 2005??bTJs? 1??????3??????4??
????????????????????????????????claudin family ?
occludin??????????? 1??Ichikawa-Tomikawa et al. 2011; Gunzel & Fromm 
2012??tTJs? 1??????4??????????????????????????
??????? angulin-1/lipolysis-stimulated lipoprotein receptor?LSR??tricellulin?
?????????? 1??Iwamoto et al. 2014?????zona occludens?ZO?family?
??? ZO-1?ZO-2?ZO-3???????TJs?????????????????? TJs
???????????????????????????? 2??Stevenson et al. 1986; 
 7 
Gunzel & Fromm 2012?? 
? TJs ???????????????????????????????????
?Rosenthal et al. 2012??????bTJs??????????? claudin-10?????
???????????????????????????Kast et al. 2012???????
claudin ????????? claudin-18 ??????????????????????
?????Kast et al. 2012?????tTJs?????????????????????
??????angulin-1/LSR ???????????????????????????
???????????Higashi et al. 2013??????? angulin ?????????
angulin-2/ILDR1 ????????????????????????????????
??angulin-3/ILDR2 ??????????????????????????????
?????Higashi et al. 2013?? 
? TJs??????????????????????????????????????
? TJs ?????????????????????????????????????
????????????????????????????????????????
?????????????????Sawada et al. 2003; Furuse 2009??????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?Furuse et al. 2002; Nitta et al. 2003; Sawada et al. 2003?? 
 
1.2? TJs ????????????? 
? TJs ????????????????????????????? 2 ???????
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???????????TJs ? TJs ????????????????????????
????bTJs??????????? occludin?claudin-1?claudin-2?claudin-4?claudin-7
?????????TJs??????????????????????????????
????????Gonzalez-Mariscal et al. 2008?????tTJs ???????????
angulin-1/LSR ? tricellulin ?????????????TJs ????????????
??????????????????????Ikenouchi et al. 2005; Krug et al. 2009; 
Kojima et al. 2010; Masuda et al. 2011; Higashi et al. 2013??TJs??????????
???? ZO-1? ZO-2??????????????????????????????
??Umeda et al. 2006?? 
? ??????TJs ? TJs ????????????????????????????
???TJs? TJs????????????????? claudin-16? ZO-1??????
?????????????????TJs??????????????????????
????????????Reichert et al. 2000; Ikari et al. 2010??tTJs????????
??? tricellulin????????????????????tTJs??????????
????????????Nayak et al. 2013?? 
? TJs ? TJs ?????????????????????????TJs ???????
????????????????????????????????????????
?????????????????????????? TJs ? TJs?????????
?????????????????????????????????????????
TJs ????????????????????????????????????? 4
??????????????Tsukita & Furuse 2000; Higashi et al. 2013; Nayak et al. 
2013???TJs????????????????????????TJs?????? TJs
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??????????????????TJs?????????????????????
????????????????????????????????????????
?????????TJs???????????????????????????? TJs
????????????TJs???????????????????????????
??????TJs?????????????????????????????????
??????? 4??????????????Yu et al. 2010???TJs????????
??????????????????????TJs?????????????????
??????? TJs ???????????????????????????????
???? TJs ?????????????????????TJs ???????????
???????? TJs ?????????????TJs ???????????????
???????????????? 
? ???TJs??????????????????????TJs???????????
????????????????????????????????????????
???????????EpH4???????????????????MDCK?????
tricellulin ???????????????????????????????????
????Ikenouchi et al. 2005; Van Itallie et al. 2010?????MDCK????????
??????? Caco-2?????occludin?????????????????????
??????????????????Van Itallie et al. 2010; Buschmann et al. 2013?? 
 
1.3? TJs ???????????????????????????? 
? TJs ????????????????????????????????? 2 ???
?????????1???TJs??????????????????????????
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?????????????????claudin-2?claudin-6?claudin-7?claudin-9???
??? claudin-1? ZO-1?????????????angulin-1/LSR?occludin? claudin-1
????????tricellulin???????????????????????Ikenouchi et 
al. 2008; Masuda et al. 2011; Zavala-Zendejas et al. 2011; Cording et al. 2013?? 
? ?????????TJs?????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? 700 ?????????????
????????????????????????????????????????
??????Diella et al. 2004; Farhan et al. 2010; Jayaswal et al. 2010????????
????bTJs? TJs???????????????????????????????
???????????????????? Gonzalez-Mariscal et al. 2008; 
Gonzalez-Mariscal et al. 2014????????????????????extracellular 
signal-regulated kinase: ERK???? occludin?claudin-1?ZO-1?ZO-2???????
??????????????????????Gonzalez-Mariscal et al. 2008?????
????????????????? occludin ???????????????????
????????????? TJs ?????????????????????????
?????????Dorfel & Huber 2012b?? 
? ???tTJs ??????????????????????????????????
??c-Jun N-terminal kinase?JNK????????????? HPAC??? tricellulin
????????????????????????????????????????
?????????????Kojima et al. 2010?????????????tTJs????
 11 
????????????????????????????????????????
?????????? 
 
1.4? tTJs ???????????????????????????
???????  
? ???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????? 2?????????????1?????????
???????????green fluorescence protein: GFP???????????????
?????????????????? 1 ?????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????? 
? ???????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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??????????? 3??????????????????????? tTJs????
????????????????????????????????????????
??????????????????????????tTJs ????????????
???????????????????? 
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? 2 ?? ??  
2.1? tTJs ???????????????????????????
? 
? ??????????????????tTJs??????????tTJs???????
????????????????????????????????????????
???????? EpH4 ????claudin-3?Cl3????????????yellow 
fluorescence protein: YFP??????????Cl3-YFP?????????? EpH4-Cl3
???????Matsuda et al. 2004?????????????????????????
???????Cl3-YFP ?????????????????????????????
????????????????????????? EpH4-Cl3??? tTJs?bTJs??
TJs???????????????????????????????????????
??????????????????????????????tTJs ????????
?? angulin-/LSR ? tricellulin?bTJs ?????????? Cl3 ? occludin?TJs ??
??????????? ZO-1 ? ZO-2 ?????????????EpH4 ???????
angulin-/LSR ? tricellulin ????????Cl3?occludin?ZO-1 ? ZO-2 ??????
????????????????????? 4-6??????????????????
? EpH4-Cl3 ??? tTJs?bTJs ?? TJs ?????????????????????
???????????EpH4-Cl3??????????? tTJs???????????
??????????tTJs ????????????????????????????
????????????? 
? ????EpH4-Cl3??? 80???????????????????tTJs?????
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????????????????????????????? 2?? 7??EpH4-Cl3 ?
??????????????? 96 well ?????????10 μM ?? 100 μM ? 2?
????????????????????CO2??????????5% CO2?37???
2????????????????????????????????????????
??????????????????????????????????Sugawara et al. 
2012???????????????????????????????????????
????????dimethylsulfoxide: DMSO?????????????????????
?????????EpH4-Cl3??? angulin-1/LSR?? ZO-1????????????
?????Cl3-YFP?angulin-1/LSR?ZO-1?????? INCell Analyzer 1000 system
?GE Healthcare????????????????????????angulin-1/LSR??
????????????????????????????10 μM ?????????
????????????protein kinase C?PKC?????????? 2 ?????? 
?Hypericine? Ro 31-8220???angulin-1/LSR??????????????????
??????????? ?? 2?? 8?????Hypericine ? TJs ??????????
???? ZO-1??Ro 31-8220? bTJs??????????? Cl3-YFP???????
????????????????? 2??100 μM ?????????????????
????14??????? angulin-1/LSR?????????????????????
?? 2?? 8?????? 11????Cl3-YFP?? ZO-1????????????????
casein kinase 2?CK2???????? Apigenin?Critchfield et al. 1997??JNK???
???? SP600125?Bennett et al. 2001???????????????platelet-derived 
growth factor receptor: PDGFR?? proline-rich tyrosine kinase 2?Pyk2???????
? Tyrphostin 9??Levitzki & Gilon 1991; Fuortes et al. 1999??angulin-1/LSR???
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???????????????? 2?? 8?? 9?? 
?  
2.2? Apigenin?SP600125?Tyrphostin 9 ????? angulin-1/LSR
? tricellulin ??????????????????? 
? ????angulin-1/LSR ????????????????????????????
????Apigenin?SP600125?Tyrphostin 9????tTJs?bTJs?TJ????????
????????????????????????????????????? 
EpH4-Cl3????cover glass???????????????????25 μM Apigenin?
25 μM SP600125?20 μM Tyrphostin 9????????????????CO2????
??????5% CO2?37??? 2?????????????????????????
??? 8?? 9???? DMSO??????????????????????????
????????????Chiang et al. 2007; Nicholas et al. 2007; Park et al. 2011???
??????EpH4-Cl3??? angulin-1/LSR?tricellulin?occludin?ZO-1?? ZO-2??
?????????????????Cl3-YFP?angulin-1/LSR?tricellulin?occludin?
ZO-1?ZO-2????????????????LSM510?Carl Zeiss??????????
??????????????Apigenin?SP600125?Tyrphostin 9 ??? Cl3-YFP?
angulin-1/LSR?tricellulin?occludin?ZO-1?ZO-2??????????????????
????????? EpH4-Cl3 ?????angulin-1/LSR ?? tricellulin ???????
????????????????? 10?????????Apigenin?SP600125?Tyrphostin 
9 ???? EpH4-Cl3 ?????angulin-1/LSR ?? tricellulin ???????????
????????????????????????????????? 10?????
Apigenin?SP600125?Tyrphostin 9 ???? EpH4-Cl3 ??????????????
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??bTJs??????????? Cl3-YFP?occludin?TJs?????????????
? ZO-1?ZO-2??????????????????? 11???????????Apigenin?
SP600125?Tyrphostin 9????bTJs? TJs????????????????????
tTJs????????????????????????????????? 
? ???Apigenin?SP600125?Tyrphostin 9??? tTJs?bTJs?TJs????????
??????????????????????? 10 ?? 11 ???????????
DMSO???? EpH4-Cl3??? Cl3-YFP?Cl3?angulin-1/LSR?tricellulin?occludin?
ZO-1?ZO-2???????????????????????????????????
??????????????????????? glyceraldehyde-3-phosphate 
dehydrogenase?GAPDH??????????????????Apigenin?25 μM??
SP600125?25 μM??Tyrphostin 9?20 μM????? EpH4-Cl3??????????
?????????angulin-1/LSR??????????????? 12?????Cl3-YFP?
Cl3?tricellulin?occludin?ZO-1?ZO-2 ??????????????????????
???????????? 12??????????Apigenin?SP600125?Tyrphostin 9
????angulin-1/LSR ?? tricellulin ????????????????????
angulin-1/LSR??????????????????????? 
 
2.3? tTJs ????????????????????????? 
? ???EpH4??? tTJs????????????????????????????
?????????????????????????????????????????
???????????? JNK1????? ?? 14?????????????????
????????????tTJs ??????????????????????????
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???? 3?????????????????????????? JNK???????
????????????????Avdi et al. 2001; Bennett et al. 2001; Van Dross et al. 
2003????????JNK1??? JNK????????????????tTJs????
?????????????????????????? 
 
2.4? JNK1? JNK2??? angulin-1/LSR? tricellulin??????
??????? 
? JNK ??????? JNK1?JNK2?JNK3 ? 3 ?????????????????
?????Bogoyevitch 2006??????JNK1?JNK2?JNK3????????????
??tTJs?bTJs?TJs ??????????????????????????????
???????EpH4-Cl3??? 100 pmol? siRNA????????????????
??siRNA????? EpH4-Cl3????3.5 cm2 ?????????? CO2?????
????????72???37??5% CO2????????EpH4-Cl3??? angulin-1/LSR?
tricellulin?occludin?ZO-1?? ZO-2???????????????????Cl3-YFP?
angulin-1/LSR?tricellulin?occludin?ZO-1?ZO-2 ???????????????
?LSM510?????????????????????????JNK1?JNK2?JNK3
?????????????????????????????????Scramble RNA
?? JNK3 ??????? siRNA ????? EpH4-Cl3 ?????tTJs ?????
angulin-1/LSR ?? tricellulin ????????????????????????? 
?? 15?????????JNK1 ?? JNK2 ??????? EpH4-Cl3 ?????
angulin-1/LSR ?? tricellulin ??????????????????????????
??? ?? 15?????bTJs?? TJs????????????? Cl3-YFP?occludin?
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ZO-1?ZO-2 ?????????????JNK1?JNK2?JNK3 ???????????
EpH4-Cl3?????scramble RNA????? EpH4-Cl3??????????????
????????? 16???????????JNK1?? JNK2??tTJs???????
????????bTJs? TJs???????????????????????????
???????? 
? ????JNK1?JNK2?JNK3 ???????????tTJs?bTJs ?? TJs ????
?????????????????????????????? 15 ?? 16 ?????
? siRNA????????? EpH4-Cl3????????????JNK1?JNK2?JNK3?
Cl3-YFP?Cl3?occludin?angulin-1/LSR?tricellulin?ZO-1?ZO-2?????????
? GAPDH??????????????????????????????????JNK1?
JNK2?? JNK3??????? EpH4-Cl3???????????????????46%?
78%?69%? JNK1?JNK2?JNK3??????????? 17?????JNK1?? JNK2
??????????? 50%? occludin???????????? ?? 17?????Cl3-YFP?
Cl3?angulin-1/LSR?tricellulin?ZO-1?ZO-2???????????????????
??? 17???????????JNK1 ?? JNK2 ???? TJs ???????????
??occludin ?????????????????????????JNK1 ?? JNK2 ?
????tTJs ???????????????????????????angulin-1/LSR
?? tricellulin?????????????????????????? 
? ??????JNK1?? JNK2????????????????????tTJs???
?????????????????????????????????????????
EpH4-Cl3????50 pmol??? JNK1?? JNK2??????? siRNA??????
???????????? 15 ?? 16 ???????????????EpH4-Cl3 ???
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angulin-1/LSR ?? tricellulin ???????????????????angulin-1/LSR?
tricellulin????????????????LSM510????????????????
?????????JNK1? JNK2???????? angulin-1/LSR? tricellulin???
???????????????JNK1? JNK2?????????EpH4-Cl3?????
??????????????angulin-1/LSR ?? tricellulin ????????????
??????????????????????????? 18?????????????
angulin-1/LSR ? tricellulin ???????????????????JNK1 ? JNK2 ?
?????????????angulin-1/LSR?????????????????tricellulin
??????????????????????????? 19???????????JNK1
? JNK2 ??????????JNK1 ?? JNK2 ??????????????
angulin-1/LSR ? tricellulin ???????????????????????????
??????? angulin-1/LSR????????????????????JNK1? JNK2
??????????????? angulin-1/LSR ? tricellulin ????????????
????????Apigenin?SP600125?? Tyrphostin 9??????????????
????????????????????????? 3????????JNK1? JNK2
??????????angulin-1/LSR ? tricellulin ?????????????????
?????????????????? 
 
2.5? JNK1 ? JNK2 ??? angulin-1/LSR ? 288 ?????????
????? 
? ???JNK1?? JNK2??tTJs????????????????????????
???????Angulin-1/LSR? tricellulin? tTJs?????????????????
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??Masuda et al. 2011??????JNK1?? JNK2? angulin-1/LSR????????
????angulin-1/LSR? tricellulin? tTJs????????????????????
????????????????????????JNK1 ?? JNK2 ? angulin-1/LSR
??????????????????????????????????Angulin-1/LSR
? GFP??????????? angulin-1/LSR-GFP?????? EpH4???????
????????? IgG???? GFP?????????GFP???JNK1???JNK2
????????????????????????????? JNK1 ?
angulin-1/LSR-GFP ??????????????????????????????
JNK2 ? angulin-1/LSR-GFP ????????????????? 20A????????
???JNK1????? angulin-1/LSR??????????????????? 
? ????JNK1 ??? angulin-1/LSR ??????????????????????
????????????????????????????????????????
?????????? POSTMOD????????Jung et al. 2010??POSTMOD???
????????????????????????????????????????
????????????????????????????????????????
???????????????POSTMOD?????????88?260?288?391?436?
452?550???????? 246?377???????????JNK1?????????
???????????? 20B?????260?288?391???????????????
????????????????? 20B??????????????????????
????????????????????????????????????288???
??????????Villen et al. 2007?? 20C???????????????260? 288? 
391???????????????????????????????????????
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??????????????? Phospho.ELM ??????????? 3 ??????
??????288 ????????????????????????????????
?Diella et al. 2004?? 
? ???JNK1??? angulin-1/LSR? 288????????????????????
????????????????angulin-1/LSR ???????209-575 ???? N ?
???????? S??????????glutathione S-transferase: GST???????
??????????GST-LSR?????GST-LSR? 288??????????????
????????????GST-LSR?S288A?????????????????????
????????????????????????????????????????
?????? JNK1 ? in vitro ?????????? GST-LSR ?????? GST-LSR
?S288A??????????????Phosphoserine ???????????????
???????????????JNK1????????GST-LSR??????????
?????GST-LSR?S288A????????????????????????? 20D??
???????JNK1???????????????????????????????
???? 20D??????????JNK1 ? angulin-1/LSR ? 288 ??????????
????????????????? 
? ???EpH4?????JNK1?? JNK2? angulin-1/LSR? 288?????????
????????????????????????????????????????
???????????sodium dodecyl sulfate-polyacrylamide gel electrophoresis: 
SDS-PAGE??? Phos-tag SDS-PAGE??????Phos-tag SDS-PAGE??????
?????????????????????????????????????
Mn2+-Phos-tag ????? SDS-PAGE ???????????SDS-PAGE ??????
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????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????? Phos-tag SDS-PAGE ?????
????????JNK1?? JNK2? angulin-1/LSR? 288?????????????
????????????????angulin-1/LSR-GFP ???????angulin-1/LSR
?S288A?-GFP ?????????? EpH4???????????SDS-PAGE???
?????????SDS-PAGE ????angulin-1/LSR-GFP ????? angulin-1/LSR
?S288A?-GFP??????? 1?????????????????????????
20E??????scramble RNA?? JNK1?JNK2??????? siRNA????? EpH4
????angulin-1/LSR-GFP ?????? angulin-1/LSR?S288A?-GFP ??????
?????????????? Phos-tag SDS-PAGE ?????????????
? scramble RNA ??????  EpH4 ???????? angulin-1/LSR-GFP ?
angulin-1/LSR?S288A?-GFP??????????? 4????????????? 20F??
????????????????????????????????????????
????????????????????????????????????????
??????????????????????-????????????angulin-1/LSR
?S288A?-GFP ???????angulin-1/LSR-GFP ????????????????
????? 20F??JNK1?? JNK2???????? EpH4?????angulin-1/LSR-GFP
????? angulin-1/LSR?S288A?-GFP??????? 4?????????????
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???????????????????????? 20F??????????? EpH4?
?? angulin-1/LSR-GFP????????????????? 5???????????
???????????????????????????????????????? 
?? 20F?????????????? EpH4?????angulin-1/LSR?S288A?-GFP ?
???????? angulin-1/LSR-GFP ????????????????JNK1 ??
JNK2??????? EpH4????????????????????????????
?????? EpH4???????? angulin-1/LSR?S288A?-GFP ??????JNK1
?? JNK2 ??????? EpH4 ???????? angulin-1/LSR-GFP ??????
angulin-1/LSR?S288A?-GFP ??????????????????????????
???????EpH4 ????????JNK1 ?? JNK2 ??288 ??????????
? angulin-1/LSR????????????????????????? 20D?????
JNK1? angulin-1/LSR? 288??????????????????????????
JNK1? angulin-1/LSR? 288???????? EpH4???????????????
?????????? 20A ????? JNK2 ? angulin-1/LSR-GFP ?????????
????????????? JNK2? angulin-1/LSR? 288?????????????
???????JNK1????????????????????????????? 
 
2.6 ? Angulin-1/LSR ? 288 ???????????????
angulin-1/LSR ? tricellulin ? tTJs ???? 
? ???angulin-1/LSR? 288??????????????tTJs??????????
???????????????????angulin-1/LSR-GFP??????angulin-1/LSR
?S288A?-GFP ?????????????? EpH4 ????angulin-1/LSR-GFP?
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angulin-1/LSR?S288A? -GFP?tricellulin ??????????????????
Angulin-1/LSR-GFP?angulin-1/LSR?S288A?-GFP?tricellulin???????????
???????????????????????LSM510??????????
Angulin-1/LSR-GFP? angulin-1/LSR?S288A?-GFP?? GFP?????tricellulin?
ZO-1 ????????????????????????????????ZO-1 ???
????angulin-1/LSR-GFP?angulin-1/LSR?S288A?-GFP?tricellulin ??????
?????????????????????????????????????????
??????angulin-1/LSR-GFP ?????? EpH4 ?????angulin-1/LSR ??
tricellulin ?????????????????????? 21A?????????
angulin-1/LSR?S288A?-GFP?????? EpH4?????angulin-1/LSR?????
???????tricellulin?????????????????????????????
?????? 21A???????????angulin-1/LSR? 288????????????
??tTJs ?? bTJs ???????????????????????????????
??????????angulin-1/LSR? tricellulin? tTJs?? bTJs?????????
????????????????????????????????????
angulin-1/LSR?? tricellulin??????????????? ???????????
???????????angulin-1/LSR?S288A?-GFP ?????? EpH4 ?????
angulin-1/LSR-GFP?????? EpH4????????angulin-1/LSR? tricellulin?
tTJs ?? bTJs ?????????????????????? ?? 21B?? ????
angulin-1/LSR?S288A?-GFP ?????? EpH4 ???????angulin-1/LSR ?
tricellulin? tTJs??????? angulin-1/LSR-GFP? angulin-1/LSR?S288A?-GFP
??????????????????????????EpH4 ???????
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angulin-1/LSR-GFP ? angulin-1/LSR?S288A?-GFP ???????????????
??????? 21C ?? D????????angulin-1/LSR?S288A?-GFP ????
angulin-1/LSR ? tricellulin ? bTJs ??????angulin-1/LSR-GFP ????????
???????????????????????????angulin-1/LSR?S288A?-GFP
??????????????angulin-1/LSR ? tricellulin ? bTJs ????????
angulin-1/LSR ? 288 ??????????????????????????????
??????????????????angulin-1/LSR ? 288 ????????????
??angulin-1/LSR? tricellulin? tTJs??????????????????????? 
 
2.7? Apigenin?SP600125?Tyrphostin 9 ????? JNK ????
? 
? ???Apigenin?SP600125?Tyrphostin 9 ????? angulin-1/LSR ?? tricellulin
???????????JNK????????????????????????????
Apigenin?25 μM??SP600125?25 μM??? Tyrphostin 9?20 μM???????EpH4-Cl3
?????????????JNK ?phosphorylated JNK: P-JNK?? JNK??????
??????????????????????????????????GAPDH ??
???????????????????????????????????Apigenin?
SP600125???? EpH4-Cl3???????????????????P-JNK????
????? 40%?????????????????? 22??????JNK??????
????????????????????????????????? 22???????
???Apigenin ???????????????? CK2 ??JNK ?????????
angulin-1/LSR ?? tricellulin ?????????????????????????
 26 
Tyrphostin 9 ???? EpH4-Cl3 ???????????????????P-JNK ??
JNK???????????????????????? 22??????Tyrphostin 9?
???JNK??????????angulin-1/LSR?? tricellulin???????????
?????????? 
 
2.8? ???????????????????? 
 
2.9? ???????????????????? 
  
2.10? ????????????????????  
 
2.11? ???????????????????  
 
2.12? ???????????????????? 
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? 3 ?? ?????  
? ???????????????????????????????????????
????????????????????????????????????????
??????????????????????????????????? 1 ????
??????????Adachi et al. 2009; Farhan et al. 2010; Hoffman et al. 2010; 
Sugawara et al. 2012??????????? TJs??????????????????
???????????????TJs????????????????????????
???????????Gonzalez-Mariscal et al. 2008??????PKC????????
?????? TJs ???????????ERK1/2 ? bTJs ? TJs ??????????
????????????????????????????????Gonzalez-Mariscal 
et al. 2008??bTJs? TJs?????????? claudin?occludin?ZO-1?ZO-2???
?????? TJs ?????????????????????????
?Gonzalez-Mariscal et al. 2008; Dorfel & Huber 2012a, 2012b??tTJs????????
???????????? tTJs??????????????????????????
????????????????anisomycin ??? JNK ????? tricellulin ???
???????????????????Kojima et al. 2010?????????bTJs? TJs
?????????????????????? tTJs????????????????
??????????????????????????????????tTJs ????
????????????????????????????????????????
?????????????????????????????????????????
???????? angulin-1/LSR ?????????????????????????
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??? 3?7?? 13??????80?????????????????????????
??????????????? angulin-1/LSR ??????????????????
????JNK1 ?? JNK2 ? angulin-1/LSR ? tricellulin ? tTJs ??????????
???????????? ?? 2?? 8?9?14?? 15??????JNK1??? angulin-1/LSR
? 288 ?????????????????????????????????????
JNK2????????? JNK1???????????????????????? 20
?? 21????????????????????????? 
 
3.1? JNK ?????? tTJs ?? angulin-1/LSR ??????? 
? tTJs ??????????occludin ???????????????????????
????????????????? tTJs???????????????Westphal et al. 
2010?????Caco-2???? fluorescence recovery after photobleaching?FRAP???
????????tTJs????????? bTJs? tTJs???????????????
????????Raleigh et al. 2010???????????angulin-1/LSR? tTJs???
?????????????????angulin-1/LSR? bTJs? tTJs?????????
????????? tTJs ??????????????????????angulin-1/LSR
???? tTJs ???????????????????tTJs ? angulin-1/LSR ????
????????????????bTJs?? tTJs?? angulin-1/LSR????????
????????????????? 2??????????? tTJs? angulin-1/LSR?
??????????????angulin-1/LSR? tricellulin? tTJs??????????
????angulin-1/LSR ? tTJs ??????????????????????????
??? bTJs?? tTJs? angulin-1/LSR??????????????????????
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?????? bTJs?????????????????????claudin-1? occludin?
?? 2??? bTJs????????????????????????????????
???claudin-1 ? occludin ???????tricellulin ???? tTJs ?? bTJs ????
??????????????Ikenouchi et al. 2008; Cording et al. 2013??????
claudin-1? occludin ? tTJs??????????? tTJs?????????????
???????????????????? bTJs?? tTJs? angulin-1/LSR?????
?????????????????JNK1?? JNK2???????claudin-1? occludin
??? bTJs ???????????????????angulin-1/LSR ? tTJs ?? bTJs
????????????????????????????????????JNK1??
JNK2?????? occludin?????????angulin-1/LSR? tTJs?? bTJs???
??????????????????????????? 15?? 17?????TJs??
??????????????????????????????????????JNK1
? JNK2??? angulin-1/LSR? S288?????????????bTJs???????
??????????????angulin-1/LSR? tTJs?? bTJs???????????
???Zavala-Zendejas et al. 2011?? 
? ???JNK1? JNK2??? angulin-1/LSR? tTJs????????????????
angulin-1/LSR? S288????????????????angulin-1/LSR ? bTJs???
?????????????????????????????????????????
angulin-1/LSR? bTJs???????????????? bTJs???????????
???bTJs?????? angulin-1/LSR??????????????????????
???????angulin-1/LSR? bTJs???????????????TJs??????
???????TJs????????????????????????????Dorfel & 
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Huber 2012a; Higashi et al. 2013???????JNK1? JNK2??? angulin-1/LSR?
S288 ??????????angulin-1/LSR ? bTJs ?????????????????
???????????????? bTJs ?? angulin-1/LSR ????????????
???????bTJs?? tTJs?? angulin-1/LSR?????????????????
??????? 
? ???angulin-1/LSR? S288?????????? angulin-1/LSR?S288A?????
????angulin-1/LSR????????????????? 21??????JNK1? JNK2
????????????????? JNK??????????angulin-1/LSR????
????????????angulin-1/LSR? bTJs??????????????????
???????????????? 10?? 18????????????????????
??????????????????????????????????????? 1
??????????????JNK?????????????????????????
TJs???????????????????????????????????????
??????Dukes et al. 2012; Farquhar et al. 2012; Choi et al. 2014??Angulin-1/LSR
??????????????????????????angulin-1/LSR ???????
???JNK ???????????????????????????????????
JNK ????????????????????????????????????
?Cariers et al. 2002?????JNK???????????bTJs???????????
occludin? Cl3?????????????????? 11?? 18?????????JNK
? tTJs?????????????????????????????????????
?????????? 
 
 31 
3.2? JNK ?????? tTJs ?? tricellulin ??????? 
? Tricellulin ? angulin-1/LSR ??????????????????????????
???????Higashi et al. 2013?????JNK??????? angulin-1/LSR? S288
???????????angulin-1/LSR???? bTJs???????????? 10?15?
18 ?? 21??????????JNK ??? tricellulin ? tTJs ?? bTJs ???????
??angulin-1/LSR ??????????????????????????JNK1 ??
JNK2 ????????? JNK ????????tricellulin ? angulin-1/LSR ????
tTJs??bTJs?????????????????tTJs???????????????
angulin-1/LSR?????????????????????????? 18?? 21???
??tricellulin? angulin-1/LSR?????angulin-1/LSR? S288??????????
??????????????????????????????????? 21??????
????????????????????????? tTJs ?????????
tricellulin??????angulin-1/LSR???????????????????????? 
 
3.3? JNK ?????? angulin-1/LSR ????????? 
? JNK1? JNK2????????????????? angulin-1/LSR????????
???????????????????????????????????? 2 ???
?????????? 12?? 19?????????JNK?????? 2????????
? angulin-1/LSR ????????????????????????????????
?????????????????????????????? 12???????JNK1
? JNK2????????????????????? angulin-1/LSR????????
????????????????????????????????????????
 32 
??????????????????????????????????????MDCK
???????ERK1/2????occludin?claudin-2?claudin-4???????????
????????????????????Rincon-Heredia et al. 2014?????????
???????????? MDCK II ?????ERK ??? epidermal growth factor 
?EGF????? claudin-2 ???????????????????????????
???Ikari et al. 2011???????????????????? TJs????????
????????????????????????????????????????
?????????????????????????????JNK ???????
tricellulin ? angulin-1/LSR ???????????????????????????
?????????? ?? 10?12?18 ?? 19???????????????????
???????????????????????????????????
angulin-1/LSR? tricellulin??????????????tricellulin? tTJs?????
?????????????????????????????????????? TJs
????????????????????????????? TJs ?????????
???????????????Dukes et al. 2012?? 
 
3.4? ???????????????????? 
?  
3.5? ???????????????????? 
  
3.6? ???  
? ??????tTJs?????????????????????????????JNK1?
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JNK2???????? 1 ???????????????????????????? 3
?????????tTJs?????????????????????????tTJs??
??????????????????? 32?????????????????????
?????????????? 32???????????????????????????
??????tTJs ????????????????????????????????
???? 
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? 4 ?? ???????  
4.1? ???? 
? EpH4??? Ernst Reichmann???University Children’s Hospital Zurich?Zurich? 
Switzerland?????????EpH4-Cl3?????????????????????
??????EpH4??? 10% ???????GIBCO??100 unit/ml ??????GIBCO??
100 unit/ml ??????????GIBCO???? Dulbecco’s modified Eagle medium
?DMEM?Nissui???????EpH4-Cl3??? 10% ???????GIBCO??100 unit/ml 
??????100 unit/ml ??????????100 unit/ml????????Invitrogen?
??? DMEM????????????????EpH4???EpH4-Cl3????? 6 cm2
??????????????????????? 
 
4.2? ?? 
? ???????????????????? 
? Apigenin?Wako?  
? ???????????????????? 
? SP600125?Wako? 
? Tyrphostin 9?Enzo Life Science?  
? ???????????????????? 
? Kinase inhibitor library?Enzo Life Science?  
 
4.3? ??  
 35 
? ???????????????????????????????????????
?????? 3??????????? 
 
?????????????????? 
? ???? angulin-1/LSR???Higashi et al. 2013? 
? ???? occludin???Saitou et al. 1998? 
? ???? ZO-1???Itoh et al. 1991? 
? ???? JNK1???Cell Signaling Technology? 
? ???? GST???Santa Cruz Biotechnology? 
? ???? GAPDH???Millipore? 
? ???? tricellulin???Ikenouchi et al. 2005? 
? ???? ZO-2???Cell Signaling Technology? 
? ???? SAPK/JNK???Cell Signaling Technology? 
? ???? Phospho-SAPK/JNK?Thr183/Tyr185??? ?Cell Signaling Technology? 
? ???? JNK2???Cell Signaling Technology? 
? ???? JNK3???Cell Signaling Technology? 
? ???? Phosphoserine???Zymed laboratories? 
? ???????????????????? 
? ???? GFP???Medical and Biological Laboratories? 
? ???????????????????? 
? ???????????????????? 
? ????? IgG???Santa Cruz Biotechnology? 
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?????????????????? 
? HRP-conjugated ???? IgG???Chemicon? 
? HRP-conjugated ???? IgG???Upstate Biotechnology? 
? HRP-conjugated ???? IgG light-chain specific???Millipore? 
? HRP-conjugated ???? IgG???Chemicon? 
? Immuno-Aptamer TM????? IgG???Nippon Gene? 
? ???????????????????? 
? Cy3-conjugated ???? IgG???Kirkegaard and Perry Laboratories Inc? 
? Cy3-conjugated ???? IgG???Molecular Probes? 
? Cy3-conjugated ???? IgG???Chemicon? 
? Cy5-conjugated ???? IgG???Amersham LIFE SIENCE? 
 
4.4? ?????? siRNA  
? ?????????????????? siRNA?????? 
?????????????????????? 
? pCAGGSneodelEcoRI- angulin-1/LSR-GFP 
???? angulin-1/LSR ? cDNA ? pCAGGSneodelEcoRI ?????????????
??????????????????????????????Niwa et al. 1991; 
Masuda et al. 2011?? 
 
? pEGFP-N1- angulin-1/LSR-GFP 
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pCAGGSneodelEcoRI??????????? angulin-1/LSR? cDNA????????
????polymerase chain reaction: PCR??????????pEGFP-N1??????
????????????????????????????????????????
?? 
 
? pEGFP-N1- angulin-1/LSR?S288A?-GFP 
pEGFP-N1- angulin-1/LSR-GFP???????angulin-1/LSR?288?????????
PCR ??????????????????????????????????????
?????????? 
 
? pGEX-5X-1- GST-LSR 
pEGFP-N1- angulin-1/LSR-GFP ??????? angulin-1/LSR ???????209-575
?????PCR?????????pGEX-5X-1???????????????????
????????????????????????????? 
 
? pGEX-5X-1- GST-LSR?S288A? 
pGEX-5X-1- GST-LSR??????? angulin-1/LSR? 288?????????PCR?
????????????????????????????????????????
??????? 
 
???? siRNA????????????? 
? Mm_Mapk8_3534 
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???? mitogen-activated protein kinase 8?MAPK8/JNK1????????????
????? Rosetta?????????? siRNA????Sigma??????????? 
 
? Mm_Mapk9_6800 
???? mitogen-activated protein kinase 9?MAPK9/JNK2????????????
????? Rosetta?????????? siRNA????Sigma??????????? 
 
? Mm_Mapk10_8711 
???? mitogen-activated protein kinase 10?MAPK10/JNK3???????????
?????? Rosetta?????????? siRNA????Sigma??????????? 
 
? ???????????????????? 
 
? ???????????????????? 
 
4.5? ?????????????????  
? ??????2 ????????? EpH4 ????????????????????
??1 ??????????????????????????1 ???????????
??????????????????????????6-12 μg ??????? 100 μl
? OPTI-MEM?Gibco??????????4 μl? Lipofectamine LTX?Invitrogen??6 μl 
? Lipofectamine Plus reagent?Invitrogen?? 100 μl? OPTI-MEM????????
??????? 5?????????????????????2??????????15
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?????????????????????10%????????? DMEM?? EpH4
????????3.5 cm2 ???????????????????72????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????? 
 
4.6? siRNA ???????????  
?????????????????????????????2 ?????????
EpH4-Cl3??? siRNA????????????? ?1??????????????
????????????1????????????? siRNA????????????
???????100 pmol? siRNA?5 μl?Lipofectamine RNAi Max?500 μl?OPTI-MEM
??????????????? 20?????????????????????10%?
???????? DMEM?? EpH4-Cl3????????3.5 cm2 ??????????
?????????48-72?????????????????????????????
?????????????????????????????????????????
????????????? 
 
4.7? ?????????????????????????? 
? EpH4 ???? EpH4-Cl3 ???????????????????????????
?????? 1%???????????? phosphate-buffered saline?PBS?? 15???
0.2%? Triton X-100??? PBS? 15?????????5%?????????? PBS
? 30-60 ????????????????????????????????????
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??????????????? 12-24 ?????????? 1 ???????????
????????? 4???????????????????????????????
?????? INCell Analyzer 1000 system??????????????? A1?? 63x 
Plan-NEOFLUAR ?????????? LSM510 ??????????????. 
 
4.8? ?????????????????????? 
? EpH4??????????????????????????????Raleigh???
????????????Raleigh et al. 2010??Angulin-1/LSR-GFP?????????
???????????????????????? EpH4??????? PBS? 2??
??????? RIPA ???TBS containing 1% NP-40?0.1% SDS?0.5% sodium 
deoxycholate?0.004% sodium azide?1 mM sodium orthovanadate?1 mM PMSF??
10??????????????????????? 6 cm2 ??????????? 1.5 
ml??????????1 ml????????? 27????? 15?????????
??????????????? IgG??? Protein G Sepharose 4 Fast Flow? 30??
???????600 g???? 5????????????????????GFP???
?????? IgG???Protein G Sepharose 4 Fast Flow????? 3????????
????20400 g???? 5?????????????????????????????
???? RIPA??? 3?????2?SDS-sample?????????????????
?? 4???????????????100?? 5 ??????SDS-PAGE ??????
???????????????? 
 
4.9? ?????????? 
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? ?????????????N??? GST??????? angulin-1/LSR??????
?GST-LSR????????????GST-LSR ? 288 ???????????????
???GST-LSR?S288A????????????????pGEX-5X-1-GST-LSR ??
pGEX-5X-1-GST-LSR?S288A??????????????????? BL21 ????
???16 g/l Tryptone?10 g/l Yeast extract?5 g/l NaCl?????? 0.4???????
??0.5 mM? IPTG? 3?????????????? 25?????IPTG??????
?????????20400 g?4??1????????????????????????
????????????????????????????????????????
??50 mM Tris–HCl?pH 8.0??50 mM NaCl?1 mM EDTA-NaOH?pH 8.0??1 mM DTT?
??????????????????????????? 15?? 1????????10
????????????????????? 1%?????????? 12.5% Triton-X
?????4?? 30???????????????????????20400 g?4??20
?????????????????????????????????0.5% Triton X-100?
1 mM EDTA???????????????????????????????????
???? 3??????????????? 8M ?????8 M urea?50 mM Tris-HCl
?pH 8.0??1 mM DTT?1 mM EDTA?????????? 1?????????????
??????20400 g?4??20???????? 4M ?????4M urea?50 mM Tris-HCl
?pH 8.0??1 mM DTT?1 mM EDTA?? 1???2M ?????2 M urea?50 mM Tris-HCl
?pH 8.0??1 mM DTT?1 mM EDTA?? 1???????????50 mM Tris–HCl?pH 
8.0??150 mM NaCl?2.5 mM CaCl2?????4????????????????
Glutathione Sepharose 4B ?GE Healthcare? ?????????? 2???4 °C ??
???????????????????20400 g?4??2???????????????
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????????????????????????????? 3 ??????????
?????????????Poly-Prep Chromatography?Biorad???????????
??10 mM glutathione??? GST-LSR?? GTS-LSR?S288A???????????
??????????????????????-80?????????????????
?????? GST-LSR?? GTS-LSR?S288A???????10 μg?? 100 ng????
???? JNK1???????10 μM ATP??? kinase??????25 mM Hepes? 25 
mM MgCl2? Complete Protease Inhibitor Cocktail?Roche?? PhosSTOP Phosphatase 
Inhibitor Cocktail?Roche?????????????????????? 37?? 25??
????????????? 2?SDS-sample buffer????????100??5??????
??????SDS-PAGE? Phospho-serine???GST???JNK1?????????
????????????????GST-LSR?? GTS-LSR?S288A?? JNK1????
????????? 
 
4.10? SDS-PAGE ? Phos-tag SDS-PAGE 
? SDS-PAGE ??????????????? SDS ????????????????
?????????????????????????????Phos-tag SDS-PAGE???
SDS????????????Mn2+-Phos-tag???????????????????
?????????????????????????????Kinoshita et al. 2006??
SDS-PAGE ??12.5%??????????????5-20%?????????????
?????????????????SDS-PAGE??????????????Trans-Blot 
SD cell??????????????????Millipore????polyvinylidene difluoride
?PVDF???????Millipore?????????????????????????
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?????Phos-tag SDS-PAGE??100 μM?Mn2+-Phos-tag??????????10%
?????????????????Kinoshita????????????Kinoshita et al. 
2006??Phos-tag SDS-PAGE??????????????Wet tank????? PVDF
?????????????????????????????????? 
 
4.11? ????????????? 
? ??????? JNK2?????1%????? bovine serum albumin?BSA?Nippon 
Gene???? TBST-Mg???tris-buffered saline ?TBS?containing 0.05% Tween 20 and 
5 mM MgCl2????????JNK2??? Immuno-Aptamer TM???? IgG????
????????????? JNK1?????5%?BSA???TBST???TBS containing 
1% Tween 20????????JNK1 ??? HRP-conjugated ???? IgG light-chain 
specific ?????????? Phos-tag SDS-PAGE ?? angulin-1/LSR-GFP ?
angulin-1/LSR?S288A?-GFP ?????5%?????????? TBST ??????
???GFP??? HRP-conjugated ????????????????????????
?????????????????5%????????1%? BSA?5%? BSA ???
??? TBST???? Can Get Signal Solution 1?Toyobo?????????????5%
????????5%? BSA ?????? TBST ???? Can Get Signal Solution 2
?Toyobo???????????????????????????????? LAS-4000 
mini imaging system?GE Healthcare????????? 
 
4.12? Angulin-1/LSR ? tricellulin ? tTJs ?? bTJs ??????? 
? Angulin-1/LSR? tricellulin? tTJs?? bTJs??????????????????
 44 
???angulin-1/LSR-GFP?? angulin-1/LSR?S288A?-GFP??????? EpH4?
????????????????? angulin-1/LSR? tricellulin???????LSM510
????????????????????????????????????????
?????????? angulin-1/LSR? tricellulin? tTJs?? bTJs?????????
????DS=2 x BCi /?TCi1+TCi2??DS? angulin-1/LSR? tricellulin???????
?????????TCi1 ? TCi2 ???????????????? angulin-1/LSR ?
tricellulin??????????????????????BCi? TCi1? TCi2????
??????? angulin-1/LSR ? tricellulin ????????????????????
?? 
 
4.13? ????????????????????  
  
4.14? ???? 
? ????????????????????????????-????????????
??????????????????????????????????F??????
?????????????????????????????????????? t??
??????????????????????????????????? t?????
????????????????????????????????????????
??????????? P ?? 0.05 ????????????????????????
???????  
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? 5 ?? ??  
 
 
 
 
 
 
 
? 1? ????Mouse?????Blood vessel????????????????
???????????????????????Epithelial cell sheets??????
?Epithelial cells?????????????????????????????????
??????????????????????Tight junctions: TJs?????????
????Apical side???????????????? 
 
 
 
 
 
 
 
??????
????????????????????????
????????????????????? ??????????????????
????
??????? ????????
???????????? ????????
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? 2? ??????????????????????????????????
TJs ?????????????????????????tTJs???????????
angulin-1/LSR?LSR?? tricellulin?Tricellulin??????????????????
?bTJs??????????? claudin?CLDN?? occludin?OCLN??TJs????Tight 
junctions scaffolding??????????? ZO-1?ZO1?? ZO-2?ZO2???????
???tTJs?bTJs?TJs???????? 
????? ????
????
????
????
????
????
????
????
????
????
????
????
????
????
????? ?????
????? ?????
?????
?????
????? ?????
?????
?????
????? ?????
?????
????? ?????
????
????????????
????????????????????????????????? ??????????????????????????????????
??????????????????????????
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 ? 3 (??????????) 
????????????????????
?????? ??????????
??????????????
??????? ?????????
?? ??
?? ??
? ? ?? ??? ??
? ?? ? ?
?????????????
?????????
??
????
???????????
?????? ??????????
??????
????????
????????????
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? 3? ??????????????????????????????????
??????????????????????????????????96 well 
plate ??????????????kinase???????????Inhibitors?????
????????????????????????????????????????
??????????????????????????????????Fluorescence 
antibody?????????????????????????????microscope??
????????????????????????????????????????
??????????????????-??????????????????????
????????????????????? 
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? 4? EpH4 ???EpH4?? EpH4-Cl3 ???EpH4-Cl3????? tTJs ???
???????????????????????????????? angulin-1/LSR
?LSR??? tricellulin?TRI????????????????????? LSM510 ?
??????????????? 
 
 
 
 
 
 
 
???????????????
LSR? LSR?
TRI? TRI?
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? 5? EpH4 ???EpH4?? EpH4-Cl3 ???EpH4-Cl3????? bTJs ???
???????????????????????????????? occludin?OCC?
? Cl3 ?????????????????????LSM510 ????????????
????  
 
 
 
 
 
 
 
???????????????
OCC? OCC?
Cl3? Cl3?
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? 6? EpH4 ???EpH4?? EpH4-Cl3 ???EpH4-Cl3????? TJs ???
??????????????????????????????????? ZO-1 ?
ZO-2?????????????????????LSM510?????????????
???  
 
 
 
 
 
 
 
???????????????
ZO-1? ZO-1?
ZO-2? ZO-2?
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? 7 ???????????????????????????????????
?????EpH4-Cl3???????????Kinase inhibitor?????37??2???2h??
??????????? 4 ?????????????angulin-1/LSR?LSR??Cl3-YFP
?Cl3??ZO-1 ???????????LSR ??????????Cl3?ZO-1 ?????
??????LSR??????????Cl3?ZO-1??????????????LSR?
?????????Cl3?ZO-1???????????????????????????
???????????????????????????? 
 
 
 
???????????????
??????????
??????????
?? ??
?? ??
???????????????????????????
????
?????????????
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??
???? ??
?? ????
??????????????????????????????????μ???
????????????????
????????
????????????????
???????
????????????????
????????
????????????????
????????
????????????????
???????
????????????????
????????
??
???? ??
?? ????
???????????????????????????????????μ???
?????????
?????????
???????????
????
????
? 8 (??????????) 
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? 8? EpH4-Cl3 ??? angulin-1/LSR?Cl3?ZO-1 ?????????????
????????????EpH4-Cl3??? 10 μM?A??? 100 μM?B????? 80
??????????? 2 ????????????????????????????
? angulin-1/LSR?LSR?? ZO-1 ??????????????LSR?Cl3-YFP?Cl3?
?? ZO-1??????? INCell Analyzer 1000 system???????????????
LSR?Cl3?? ZO-1???????????????????????????????
????????? 
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? 9 (??????????) 
????
????
???????? ???? ????
????
????
?????
????
???????? ???? ????
????
????
????
????
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? 9? EpH4-Cl3 ??? Apigenin?SP600125?Tyrphostin 9 ???????
Cl3-YFP?angulin-1/LSR ?? ZO-1 ???????????EpH4-Cl3 ????
DMSO?Control??? 100 μM???? Apigenin?API??SP600125?SP6??Tyrphostin 
9?TYR?????? 2 ?????????????????????????????
angulin-1/LSR ?LSR?A?? ZO-1?B????????????????????? INCell 
Analyzer 1000 system????????Cl3-YFP?Cl3?????LSR?????ZO-1??
?????????????????????????MER??LSR?? ZO-1????
Cl3??????????????? 
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????
????
???????? ???? ???? ????
????
????
????
????
?????
????
????
????
????
?????
???????? ???? ???? ????
? 10 (??????????) 
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? 10? EpH4-Cl3 ??? Apigenin?SP600125?Tyrphostin 9 ????????
tTJs ??????????????????EpH4-Cl3 ????DMSO?Control??
25 μM Apigenin?API??25 μM SP600125?SP6??20 μM Tyrphostin 9?TYR????
?? 2????????????????????????????? angulin-1/LSR?LSR?
A?? tricellulin?TRI?B??????????????????????LSM510 ??
??????????????Cl3-YFP?Cl3?????LSR?????TRI???????
??????????LSR?? TRI????????????LSR HIGH?TRI HIGH?
?????????????MER??LSR?? TRI???? Cl3??????????
???????????? 10 μm???? 
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???????? ???? ???? ????
????
????
????
???????? ???? ???? ????
?????
????
????
???????? ???? ???? ????
?????
????
????
????
????
????
? 11 (??????????) 
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? 11? EpH4-Cl3 ??  ? Apigenin?SP600125?Tyrphostin 9 ????????
bTJs ?? TJs ?????????????????????EpH4-Cl3 ????
DMSO?Control??25 μM Apigenin?API??25 μM SP600125?SP6??20 μM Tyrphostin 
9?TYR?????? 2 ?????????????????????????????
occludin?OCC?A??ZO-1?B?? ZO-2?C????????????????????
??LSM510 ????????????????Cl3-YFP?Cl3?????OCC?????
ZO-1?????ZO-2???????????????????????????MER ??
OCC?ZO-1?? ZO-2???? Cl3?????????????????????? 10 μm
???? 
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? 12? EpH4-Cl3 ??? Apigenin?SP600125?Tyrphostin 9 ????????
TJs ?? TJs ???????????????????EpH4-Cl3 ????DMSO
?Control??25 μM Apigenin?API??25 μM SP600125?SP6??20 μM Tyrphostin 9?TYR?
????? 2 ??????????????????????????????????
????????????????? occludin?OCC??Cl3?angulin-1/LSR?LSR??
tricellulin?TRI??ZO-1?ZO-2?? GAPDH??????????Cl3????????
?Endogenous?? Cl3-YFP?YFP fusion?????????????? 
 
 
 
 
 
 
????
????
????
????
?????
??????
????????? ???? ???? ????
?????
???????????
???????????
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? 13? ??????????????????????  
? 14? ??????????????????????  
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???????? ???????? ???????? ????????
????
????
????
????
?????
???????? ???????? ???????? ????????
????
????
????
????
?????
????
????
? 15 (??????????) 
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? 15? EpH4-Cl3 ??? JNK1?JNK2?JNK3 ???????????tTJs ?
??????????????????EpH4-Cl3????scramble RNA?Control??
JNK1???????? siRNA?JNK1 KD??JNK2???????? siRNA?JNK2 KD??
JNK3???????? siRNA?JNK3 KD?????????? 72?????????
?????????????????? angulin-1/LSR?LSR?A?? tricellulin?TRI?
B??????????????????????LSM510??????????????
??Cl3-YFP?Cl3?????LSR?????TRI?????????????????LSR
?? TRI????????????LSR HIGH?TRI HIGH??????????????
MER??LSR?? TRI???? Cl3?????????????????????? 10 
μm???? 
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???????? ???????? ???????? ????????
????
????
????
???????? ???????? ???????? ????????
?????
????
????
???????? ???????? ???????? ????????
?????
????
????
????
????
????
? 16 (??????????) 
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? 16? EpH4-Cl3 ??? JNK1?JNK2?JNK3 ???????????bTJs ?
? TJs?????????????????????EpH4-Cl3????scramble RNA
?Control??JNK1???????? siRNA?JNK1 KD??JNK2???????? siRNA
?JNK2 KD??JNK3???????? siRNA?JNK3 KD?????????? 72??
????????????????????????? occludin?OCC?A??ZO-1?B?
? ZO-2?C??????????????????????LSM510?????????
???????Cl3-YFP?Cl3?????OCC?????ZO-1?????ZO-2???????
????????????????????MER??OCC?ZO-1?? ZO-2???? Cl3
?????????????????????? 10 μm???? 
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????
????
????
?????
?????
??????
?????
?????
?????
????
????
?????
???
?????
???
?????
???
????
???????????
???????????
? 17 (??????????) 
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? 17? EpH4-Cl3 ??? JNK1?JNK2?JNK3 ???????????TJs ??
TJs ???????????????????EpH4-Cl3 ????scramble RNA
?Control??JNK1???????? siRNA?JNK1 KD??JNK2???????? siRNA
?JNK2 KD??JNK3???????? siRNA?JNK3 KD?????????? 72??
????????????????????????????????????????
??????? JNK1?JNK2?JNK3?occludin?OCC??Cl3?angulin-1/LSR?LSR??
tricellulin?TRI??ZO-1?ZO-2?? GAPDH??????????Cl3????????
?Endogenous?? Cl3-YFP?YFP fusion?????????????? 
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? 18? EpH4-Cl3 ??? JNK1 ? JNK2 ?????????????tTJs ???
???????????????EpH4-Cl3????scramble RNA?Control??JNK1
? JNK2???????? 2??? siRNA?JNK1/2 KD?????????? 72???
???????????????????????? angulin-1/LSR?LSR?A?? tricellulin
?TRI?B??????????????????????LSM510??????????
??????Cl3-YFP?Cl3?????LSR?????TRI???????????????
??LSR?? TRI????????????LSR HIGH?TRI HIGH?????????
?????MER??LSR?? TRI???? Cl3??????????????????
???? 10 μm???? 
???????? ??????????
????
????
????
????
?????
???? ???????? ??????????
????
????
????
????
?????
????
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? 19? EpH4-Cl3 ??? JNK1 ? JNK2 ?????????????tTJs ???
?????????????EpH4-Cl3????scramble RNA?Control??JNK1? JNK2
???????? 2??? siRNA?JNK1/2 KD?????????? 72???????
????????????????????????????????????????
?? JNK1?JNK2?angulin-1/LSR?LSR??tricellulin?TRI??? GAPDH?????
????? 
 
 
 
 
 
?????
?????
????
??????
????
?????
????
????????
???
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??
?? ???? ???? ???? ???? ????
???
???
???
???
???
?
???????????????????????????
????????????? ??????????????????????????????
???????????
????
????
??????? ?????????????
???????
????????
????????
?????????
?????????
???? ??????
???????
??????????? ???????????
???????? ????????
???????
?????????
?????????
???????
?????????
?????????
???????
????
????
????
?????????
?????? ????
????????
?????? ????
????????
?????? ????
??????
??????????????????????
?? ?? ?? ?? ?? ??
??????
?????????????????
??? ??? ??? ???
?? ??
??????
?????
????
? 20 (??????????) 
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? 20? JNK1 ? JNK2 ??? angulin-1/LSR ? 288 ?????????????
???A???????????EpH4????? JNK1?? JNK2? angulin-1/LSR-GFP
??????????EpH4 ????angulin-1/LSR-GFP ??????????????
? 72?????????????INPUT?????????????????????? 
GFP???GFP???????? IgG???IGG?????????immunoprecipitation: 
IP?????????????????????????????????? GFP???GFP??
JNK1 ???JNK1??JNK2 ???JNK2?????????????????????
angulin-1/LSR-GFP?JNK1?JNK2???????????B?POSTMOD??????
????angulin-1/LSR ????????????? JNK1 ???????????X ?
? angulin-1/LSR ????????????????????Y ???????????
??? JNK1 ??????????????Known phosphorylation site????
Phospho.ELM ???????? angulin-1/LSR ?????????????Unknown 
site???? Phospho.ELM????????? angulin-1/LSR????????????
???? C????? angulin-1/LSR?????????????Angulin-1/LSR?LSR?
??????????signal peptide: SP????????extracellular domain: EC???
???????single transmembrane domain: TM?????????cytoplasmic domain: 
CP?????????????????288????????S288??????????
?????????D?JNK1 ??? LSR ? S288 ????????????? GST-LSR
?LSR??? GST-LSR?S288A??S288A????????JNK1 ? ATP?JNK1?+??
?? ATP?JNK1?-??? in vitro????????????? LSR?? S288A????
??????Phosphoserine???P-ser???????????????????????
???????? LSR?S288A?JNK1 ????? GST ???? JNK1 ???????
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?????????????????????E? SDS-PAGE ???????
angulin-1/LSR-GFP ?? angulin-1/LSR?S288A?-GFP ??????EpH4 ????
angulin-1/LSR-GFP?LSR??? angulin-1/LSR?S288A?-GFP?S288A???????
????? scramble RNA????? 72??????????????????????
SDS-PAGE? GFP???GFP???????????????????? LSR? S288A
???????????????????????????LSR? S288A???????
????????????F?Phos-tag SDS-PAGE ????????angulin-1/LSR-GFP
?? angulin-1/LSR?S288A?-GFP????????JNK1?? JNK2????EpH4?
???angulin-1/LSR-GFP?LSR??? angulin-1/LSR?S288A?-GFP?S288A????
?????????scramble RNA?Control??JNK1???????? siRNA?JNK1 KD??
JNK2???????? siRNA?JNK2 KD?????????? 72?????????
?????????????Phos-tag SDS-PAGE? GFP???GFP?????????
??????????? LSR ? S288A ??????????????????????
?????4 ??????????? 1?2?3?5?6 ????????????????
?high mobility?less phosphorylated?form of LSR: LSRHM?????????????
???????????????????????low mobility?phosphorylated?form of 
LSR: LSRLM?????????????????????????????????? 
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????
????
????
????
??
????
???????? ???????????????
?????????????????????????????????
?????????????????????
????
???? ???????
?????????
???????????????
?????
????
????
?????
????
????????
????
????
?????
????
????
??
????
??
???????????????????????????
??????????????????
????????? ???????????????
????? ????
????
????
????
?????
? 21 (??????????) 
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? 21? Angulin-1/LSR ? 288 ????????????????angulin-1/LSR
? tricellulin ????????????? A?EpH4????angulin-1/LSR-GFP?LSR?
?? angulin-1/LSR?S288A?-GFP?LSR?S288A?????????????????
72??????????????????????????? tricellulin?TRI?? ZO-1
?????????????????????LSM510????????????????
LSR-GFP?????TRI?????ZO-1???????????????????????
????MER ??LSR-GFP?TRI?ZO-1 ???????????????MER HIGH
??MER ????????????????????????? 10 μm ?????B?
Angulin-1/LSR-GFP?LSR-GFP??? angulin-1/LSR?S288A?-GFP?LSR?S288A?
-GFP???????????????? EpH4?????angulin-1/LSR?LSR??? TRI
? tTJs?? bTJs?????????????????N=50? *** P<0.01????????
?A???????????? EpH4????????????????????????? 
?C?A???????????????????? EpH4??????????????
SDS-PAGE? GFP???GFP??? GAPDH?? ?GAPDH????????????
?????????angulin-1/LSR-GFP?LSR?? angulin-1/LSR?S288A?-GFP?LSR
?S288A????????????D?C????????? angulin-1/LSR-GFP?LSR-GFP?
? angulin-1/LSR?S288A?-GFP?LSR?S288A?-GFP???????????????
???N=3?N.S. P>0.05??????????????????? 
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? 22? EpH4-Cl3 ??? Apigenin?SP600125?Tyrphostin 9 ????????
JNK ?????????????EpH4-Cl3????DMSO?Control??25 μM Apigenin
?API??25 μM SP600125?SP6??20 μM Tyrphostin 9?TYR?????? 2?????
????????????????????????????????????????
?????? P-JNK?JNK?? GAPDH??????????  
 
 
 
 
 
 
 
 
 
 
??????
???????? ???? ???? ????
????
??????
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? 23? ??????????????????????   
 
? 24? ??????????????????????   
 
? 25? ??????????????????????   
 
? 26? ??????????????????????   
 
? 27? ??????????????????????   
 
? 28? ??????????????????????  
 
? 29? ??????????????????????   
 
? 30? ??????????????????????   
 
? 31? ??????????????????????  
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? 32? JNK1?JNK2????????????????????????????
????tTJs ???????????????????????????????
????????????????????????????JNK1?? JNK2???
??? angulin-1/LSR?LSR?? 288????????S288???????????? LSR
? tTJs???????????LSR? tTJs????????????tricellulin? tTJs
???????????????????????????????????  
 
 
 
 
 
 
 
 
 
 
 
???????????????
??????????????
????????????
?????????
????????????????
????????????
???????????
???????????
???????????
????????????
????????????????????????????????????????????????????????
?????????????????????????????????????????
?????????
???????????
???????????
??????
????????
???????
??????
??????
????????
???????
??????
??????
????????
???????
??????
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? 1 TJs ???????????  
 
 
 
 
 
 
 
 
 
 
 
??????? ??? ??? ??????? ????
???? ???????????????????????????? ??? ?? ?????????????????????????
???? ???????????????????????? ???? ?? ????????????????????
???? ?????????????????????????????????????? ??? ?? ?????????????????
???? ????????????????????????????????? ???? ?? ????? ????????????
???? ???????? ? ?? ??????????????????
???? ???????? ? ?? ??????????????????
???? ?????????????????????????????????? ???????? ?? ???????????????????
???? ??????????????????????? ??????????????????????????? ????????????? ?? ??????????????????
???? ??????????? ?????????????????????????????????????????????? ??????????????? ?? ???????????????????
???? ??????????? ?????????????????????????????????????????????? ??????????????? ?? ???????????????????
???? ??????????? ? ?? ?????????????????????
?? ????????????????
??????????????????????????????????????????????????
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? 2 ????????????????????TJs ?? TJs ?????????
???????????  
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?????????? ????? ? ? ? ? ? ?
???? ???? ? ? ? ? ? ?
??????? ???? ? ? ? ? ? ?
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????????? ??? ? ? ? ? ? ?
???? ???? ? ? ? ? ? ?
??????? ?????? ? ? ? ? ? ?
????? ???????????????????? ? ? ? ? ? ?
??????? ????? ? ? ? ? ? ?
?????? ?????? ? ? ? ? ? ?
???????????? ?????? ? ? ? ? ? ?
????????? ??? ? ? ? ? ? ?
????????????? ?????????????????? ? ? ? ? ? ?
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????? ??? ? ? ? ? ? ?
?????????? ??? ? ? ? ? ? ?
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??? ???????? ? ? ? ? ? ?
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????????????????????????
??? ???????????? ?? ??????????????? ?? ????????
????? ????? ?
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? 3 ???????????????????????????????????
???????????  
?????? ???? ????
?? ??????????????????? ??????????????? ????????
????????????????? ??????????????? ????????
?? ?????????????? ??????????????? ????????
????????? ??????????????? ????????
?? ?????????? ??????????????? ????????
?????????? ??????????????? ????????
?????? ??????????????????? ??????????????? ????????
?????????? ??????????????? ????????
??? ??????????????????? ??????????????? ????????
????????????????? ??????????????? ????????
??? ?????????????? ??????????????? ????????
?????????? ??????????????? ????????
?????????? ??????????????? ????????
??? ?????????????? ??????????????? ????????
????????? ??????????????? ????????
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??????????????????? ??????????????? ????????
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?????????? ??????????????? ????????
?????????????? ??????????????? ????????
????????? ??????????????? ????????
????????????????? ??????????????? ????????
??????????????????? ??????????????? ????????
?????????? ??????????????? ????????
?????????? ??????????????? ????????
??????????? ??????????????? ????????
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????????????????????
 82 
 
 
 
 
 
 
 
?????? ???? ????
??? ?????????? ??????????????? ????????
?????????? ??????????????? ????????
????????????????? ??????????????? ????????
??????????????????? ??????????????? ????????
??????????? ??????????????? ????????
???? ????????? ??????????????? ????????
?????????? ??????????????? ?????????????????????????????
?????????? ??????????????????? ?????????
???? ??????????????????? ??????????????? ????????
????????? ??????????????? ????????
?????????? ??????????????? ????????
??????? ????????? ??????????????? ????????
???? ????????????????? ??????????????? ????????
?????????? ??????????????? ????????
???? ????????? ??????????????? ????????
??????????? ??????????????? ????????
???
?????????????? ??????????????? ????????
??????????? ??????????????? ????????
???
???
???
???
???
???
????????????????????
????????????????????
????????????????????
????????????????????
????????????????????
?????????????????
??????????????? ????????
????????????????????
????????????????????
 83 
? 6 ?? ?????  
Adachi, A., Kano, F., Saido, T.C. & Murata, M. (2009) Visual screening and analysis for 
kinase-regulated membrane trafficking pathways that are involved in extensive 
beta-amyloid secretion. Genes Cells 14, 355-369. 
 
Avdi, N.J., Nick, J.A., Whitlock, B.B., Billstrom, M.A., Henson, P.M., Johnson, G.L. & 
Worthen, G.S. (2001) Tumor necrosis factor-alpha activation of the c-Jun N-terminal 
kinase pathway in human neutrophils. Integrin involvement in a pathway leading from 
cytoplasmic tyrosine kinases apoptosis. J. Biol. Chem. 276, 2189-2199. 
 
Bennett, B.L., Sasaki, D.T., Murray, B.W., O'Leary, E.C., Sakata, S.T., Xu, W., Leisten, 
J.C., Motiwala, A., Pierce, S., Satoh, Y., Bhagwat, S.S., Manning, A.M. & Anderson, 
D.W. (2001) SP600125, an anthrapyrazolone inhibitor of Jun N-terminal kinase. Proc. 
Natl. Acad. Sci. U. S. A. 98, 13681-13686. 
 
Bogoyevitch, M.A. (2006) The isoform-specific functions of the c-Jun N-terminal Kinases 
(JNKs): differences revealed by gene targeting. Bioessays 28, 923-934. 
 
???????????????????? 
 
Buschmann, M.M., Shen, L., Rajapakse, H., Raleigh, D.R., Wang, Y., Lingaraju, A., Zha, 
J., Abbott, E., McAuley, E.M., Breskin, L.A., Wu, L., Anderson, K., Turner, J.R. & 
Weber, C.R. (2013) Occludin OCEL-domain interactions are required for maintenance 
and regulation of the tight junction barrier to macromolecular flux. Mol. Biol. Cell 24, 
3056-3068. 
 
Cariers, A., Reinehr, R., Fischer, R., Warskulat, U. & Haussinger, D. (2002) 
c-Jun-N-terminal kinase dependent membrane targeting of CD95 in rat hepatic stellate 
cells. Cell Physiol. Biochem. 12, 179-186. 
 
Chiang, C.T., Way, T.D., Tsai, S.J. & Lin, J.K. (2007) Diosgenin, a naturally occurring 
steroid, suppresses fatty acid synthase expression in HER2-overexpressing breast 
 84 
cancer cells through modulating Akt, mTOR and JNK phosphorylation. FEBS Lett. 581, 
5735-5742. 
 
Choi, H., Nguyen, H.N. & Lamb, F.S. (2014) Inhibition of endocytosis exacerbates 
TNF-alpha-induced endothelial dysfunction via enhanced JNK and p38 activation. Am. 
J. Physiol. Heart Circ. Physiol. 306, H1154-1163. 
 
Cohen, C.J., Shieh, J.T., Pickles, R.J., Okegawa, T., Hsieh, J.T. & Bergelson, J.M. 
(2001) The coxsackievirus and adenovirus receptor is a transmembrane component of 
the tight junction. Proc. Natl. Acad. Sci. U. S. A. 98, 15191-15196. 
 
Cording, J., Berg, J., Kading, N., Bellmann, C., Tscheik, C., Westphal, J.K., Milatz, S., 
Gunzel, D., Wolburg, H., Piontek, J., Huber, O. & Blasig, I.E. (2013) In tight junctions, 
claudins regulate the interactions between occludin, tricellulin and marvelD3, which, 
inversely, modulate claudin oligomerization. J. Cell Sci. 126, 554-564. 
 
Critchfield, J.W., Coligan, J.E., Folks, T.M. & Butera, S.T. (1997) Casein kinase II is a 
selective target of HIV-1 transcriptional inhibitors. Proc. Natl. Acad. Sci. U. S. A. 94, 
6110-6115. 
 
Diella, F., Cameron, S., Gemund, C., Linding, R., Via, A., Kuster, B., Sicheritz-Ponten, 
T., Blom, N. & Gibson, T.J. (2004) Phospho.ELM: a database of experimentally verified 
phosphorylation sites in eukaryotic proteins. BMC Bioinformatics 5, 79. 
 
Dorfel, M.J. & Huber, O. (2012a) A phosphorylation hotspot within the occludin 
C-terminal domain. Ann. N. Y. Acad. Sci. 1257, 38-44. 
 
Dorfel, M.J. & Huber, O. (2012b) Modulation of tight junction structure and function by 
kinases and phosphatases targeting occludin. J. Biomed. Biotechnol. 2012, 807356. 
 
Dukes, J.D., Whitley, P. & Chalmers, A.D. (2012) The PIKfyve inhibitor YM201636 
blocks the continuous recycling of the tight junction proteins claudin-1 and claudin-2 in 
MDCK cells. PLoS One 7, e28659. 
 85 
 
???????????????????? 
 
???????????????????? 
 
???????????????????? 
 
Farhan, H., Wendeler, M.W., Mitrovic, S., Fava, E., Silberberg, Y., Sharan, R., Zerial, M. 
& Hauri, H.P. (2010) MAPK signaling to the early secretory pathway revealed by 
kinase/phosphatase functional screening. J. Cell Biol. 189, 997-1011. 
 
Farquhar, M.G. & Palade, G.E. (1963) Junctional complexes in various epithelia. J. Cell 
Biol. 17, 375-412. 
 
Farquhar, M.J., Hu, K., Harris, H.J., Davis, C., Brimacombe, C.L., Fletcher, S.J., 
Baumert, T.F., Rappoport, J.Z., Balfe, P. & McKeating, J.A. (2012) Hepatitis C virus 
induces CD81 and claudin-1 endocytosis. J. Virol. 86, 4305-4316. 
 
Friend, D.S. & Gilula, N.B. (1972) Variations in tight and gap junctions in mammalian 
tissues. J. Cell Biol. 53, 758-776. 
 
Fuortes, M., Melchior, M., Han, H., Lyon, G.J. & Nathan, C. (1999) Role of the tyrosine 
kinase pyk2 in the integrin-dependent activation of human neutrophils by TNF. J. Clin. 
Invest. 104, 327-335. 
 
Furuse, M. (2009) Knockout animals and natural mutations as experimental and 
diagnostic tool for studying tight junction functions in vivo. Biochim. Biophys. Acta 
1788, 813-819. 
 
Furuse, M., Fujita, K., Hiiragi, T., Fujimoto, K. & Tsukita, S. (1998) Claudin-1 and -2: 
novel integral membrane proteins localizing at tight junctions with no sequence 
similarity to occludin. J. Cell Biol. 141, 1539-1550. 
 
 86 
Furuse, M., Hata, M., Furuse, K., Yoshida, Y., Haratake, A., Sugitani, Y., Noda, T., 
Kubo, A. & Tsukita, S. (2002) Claudin-based tight junctions are crucial for the 
mammalian epidermal barrier: a lesson from claudin-1-deficient mice. J. Cell Biol. 156, 
1099-1111. 
 
Furuse, M., Hirase, T., Itoh, M., Nagafuchi, A., Yonemura, S. & Tsukita, S. (1993) 
Occludin: a novel integral membrane protein localizing at tight junctions. J. Cell Biol. 
123, 1777-1788. 
 
Furuse, M. & Tsukita, S. (2006) Claudins in occluding junctions of humans and flies. 
Trends Cell Biol. 16, 181-188. 
 
Gonzalez-Mariscal, L., Dominguez-Calderon, A., Raya-Sandino, A., Ortega-Olvera, J.M., 
Vargas-Sierra, O. & Martinez-Revollar, G. (2014) Tight junctions and the regulation of 
gene expression. Semin. Cell Dev. Biol. 36, 213-223. 
 
Gonzalez-Mariscal, L., Tapia, R. & Chamorro, D. (2008) Crosstalk of tight junction 
components with signaling pathways. Biochim. Biophys. Acta 1778, 729-756. 
 
Gunzel, D. & Fromm, M. (2012) Claudins and other tight junction proteins. Compr. 
Physiol. 2, 1819-1852. 
 
Higashi, T., Tokuda, S., Kitajiri, S., Masuda, S., Nakamura, H., Oda, Y. & Furuse, M. 
(2013) Analysis of the 'angulin' proteins LSR, ILDR1 and ILDR2--tricellulin 
recruitment, epithelial barrier function and implication in deafness pathogenesis. J. 
Cell Sci. 126, 966-977. 
 
Hoffman, G.R., Moerke, N.J., Hsia, M., Shamu, C.E. & Blenis, J. (2010) A 
high-throughput, cell-based screening method for siRNA and small molecule inhibitors 
of mTORC1 signaling using the In Cell Western technique. Assay Drug Dev. Technol. 8, 
186-199. 
 
Ichikawa-Tomikawa, N., Sugimoto, K., Satohisa, S., Nishiura, K. & Chiba, H. (2011) 
 87 
Possible involvement of tight junctions, extracellular matrix and nuclear receptors in 
epithelial differentiation. J. Biomed. Biotechnol. 2011, 253048. 
 
Ikari, A., Kinjo, K., Atomi, K., Sasaki, Y., Yamazaki, Y. & Sugatani, J. (2010) 
Extracellular Mg(2+) regulates the tight junctional localization of claudin-16 mediated 
by ERK-dependent phosphorylation. Biochim. Biophys. Acta 1798, 415-421. 
 
Ikari, A., Takiguchi, A., Atomi, K. & Sugatani, J. (2011) Epidermal growth factor 
increases clathrin-dependent endocytosis and degradation of claudin-2 protein in 
MDCK II cells. J. Cell Physiol. 226, 2448-2456. 
 
Ikenouchi, J., Furuse, M., Furuse, K., Sasaki, H. & Tsukita, S. (2005) Tricellulin 
constitutes a novel barrier at tricellular contacts of epithelial cells. J. Cell Biol. 171, 
939-945. 
 
Ikenouchi, J., Sasaki, H., Tsukita, S. & Furuse, M. (2008) Loss of occludin affects 
tricellular localization of tricellulin. Mol. Biol. Cell 19, 4687-4693. 
 
Itoh, M., Yonemura, S., Nagafuchi, A. & Tsukita, S. (1991) A 220-kD 
undercoat-constitutive protein: its specific localization at cadherin-based cell-cell 
adhesion sites. J. Cell Biol. 115, 1449-1462. 
 
Iwamoto, N., Higashi, T. & Furuse, M. (2014) Localization of angulin-1/LSR and 
tricellulin at tricellular contacts of brain and retinal endothelial cells in vivo. Cell 
Struct. Funct. 39, 1-8. 
 
Jayaswal, S., Kamal, M.A., Dua, R., Gupta, S., Majumdar, T., Das, G., Kumar, D. & Rao, 
K.V. (2010) Identification of host-dependent survival factors for intracellular 
Mycobacterium tuberculosis through an siRNA screen. PLoS Pathog. 6, e1000839. 
 
Jung, I., Matsuyama, A., Yoshida, M. & Kim, D. (2010) PostMod: sequence based 
prediction of kinase-specific phosphorylation sites with indirect relationship. BMC 
Bioinformatics 11 Suppl 1, S10. 
 88 
 
Kast, J.I., Wanke, K., Soyka, M.B., Wawrzyniak, P., Akdis, D., Kingo, K., Rebane, A. & 
Akdis, C.A. (2012) The broad spectrum of interepithelial junctions in skin and lung. J. 
Allergy Clin. Immunol. 130, 544-547 e544. 
 
Kinoshita, E., Kinoshita-Kikuta, E., Takiyama, K. & Koike, T. (2006) 
Phosphate-binding tag, a new tool to visualize phosphorylated proteins. Mol. Cell 
Proteomics 5, 749-757. 
 
Kojima, T., Fuchimoto, J., Yamaguchi, H., Ito, T., Takasawa, A., Ninomiya, T., Kikuchi, 
S., Ogasawara, N., Ohkuni, T., Masaki, T., Hirata, K., Himi, T. & Sawada, N. (2010) 
c-Jun N-terminal kinase is largely involved in the regulation of tricellular tight 
junctions via tricellulin in human pancreatic duct epithelial cells. J. Cell Physiol. 225, 
720-733. 
 
Krug, S.M., Amasheh, S., Richter, J.F., Milatz, S., Gunzel, D., Westphal, J.K., Huber, O., 
Schulzke, J.D. & Fromm, M. (2009) Tricellulin forms a barrier to macromolecules in 
tricellular tight junctions without affecting ion permeability. Mol. Biol. Cell 20, 
3713-3724. 
 
???????????????????? 
 
Levitzki, A. & Gilon, C. (1991) Tyrphostins as molecular tools and potential 
antiproliferative drugs. Trends Pharmacol. Sci. 12, 171-174. 
 
Makarova, O., Roh, M.H., Liu, C.J., Laurinec, S. & Margolis, B. (2003) Mammalian 
Crumbs3 is a small transmembrane protein linked to protein associated with Lin-7 
(Pals1). Gene 302, 21-29. 
 
Martin-Padura, I., Lostaglio, S., Schneemann, M., Williams, L., Romano, M., Fruscella, 
P., Panzeri, C., Stoppacciaro, A., Ruco, L., Villa, A., Simmons, D. & Dejana, E. (1998) 
Junctional adhesion molecule, a novel member of the immunoglobulin superfamily that 
distributes at intercellular junctions and modulates monocyte transmigration. J. Cell 
 89 
Biol. 142, 117-127. 
 
Masuda, S., Oda, Y., Sasaki, H., Ikenouchi, J., Higashi, T., Akashi, M., Nishi, E. & 
Furuse, M. (2011) LSR defines cell corners for tricellular tight junction formation in 
epithelial cells. J. Cell Sci. 124, 548-555. 
 
Matsuda, M., Kubo, A., Furuse, M. & Tsukita, S. (2004) A peculiar internalization of 
claudins, tight junction-specific adhesion molecules, during the intercellular movement 
of epithelial cells. J. Cell Sci. 117, 1247-1257. 
 
???????????????????? 
 
Nayak, G., Lee, S.I., Yousaf, R., Edelmann, S.E., Trincot, C., Van Itallie, C.M., Sinha, 
G.P., Rafeeq, M., Jones, S.M., Belyantseva, I.A., Anderson, J.M., Forge, A., Frolenkov, 
G.I. & Riazuddin, S. (2013) Tricellulin deficiency affects tight junction architecture and 
cochlear hair cells. J. Clin. Invest. 123, 4036-4049. 
 
Nicholas, C., Batra, S., Vargo, M.A., Voss, O.H., Gavrilin, M.A., Wewers, M.D., 
Guttridge, D.C., Grotewold, E. & Doseff, A.I. (2007) Apigenin blocks 
lipopolysaccharide-induced lethality in vivo and proinflammatory cytokines expression 
by inactivating NF-kappaB through the suppression of p65 phosphorylation. J. 
Immunol. 179, 7121-7127. 
 
Nitta, T., Hata, M., Gotoh, S., Seo, Y., Sasaki, H., Hashimoto, N., Furuse, M. & Tsukita, 
S. (2003) Size-selective loosening of the blood-brain barrier in claudin-5-deficient mice. 
J. Cell Biol. 161, 653-660. 
 
Niwa, H., Yamamura, K. & Miyazaki, J. (1991) Efficient selection for high-expression 
transfectants with a novel eukaryotic vector. Gene 108, 193-199. 
 
Osler, M.E., Chang, M.S. & Bader, D.M. (2005) Bves modulates epithelial integrity 
through an interaction at the tight junction. J. Cell Sci. 118, 4667-4678. 
 
 90 
???????????????????? 
 
Park, S.J., Park, Y.J., Shin, J.H., Kim, E.S., Hwang, J.J., Jin, D.H., Kim, J.C. & Cho, 
D.H. (2011) A receptor tyrosine kinase inhibitor, Tyrphostin A9 induces cancer cell 
death through Drp1 dependent mitochondria fragmentation. Biochem. Biophys. Res. 
Commun. 408, 465-470. 
 
Pirvola, U., Xing-Qun, L., Virkkala, J., Saarma, M., Murakata, C., Camoratto, A.M., 
Walton, K.M. & Ylikoski, J. (2000) Rescue of hearing, auditory hair cells, and neurons 
by CEP-1347/KT7515, an inhibitor of c-Jun N-terminal kinase activation. J. Neurosci. 
20, 43-50. 
 
Raleigh, D.R., Marchiando, A.M., Zhang, Y., Shen, L., Sasaki, H., Wang, Y., Long, M. & 
Turner, J.R. (2010) Tight junction-associated MARVEL proteins marveld3, tricellulin, 
and occludin have distinct but overlapping functions. Mol. Biol. Cell 21, 1200-1213. 
 
Reichert, M., Muller, T. & Hunziker, W. (2000) The PDZ domains of zonula occludens-1 
induce an epithelial to mesenchymal transition of Madin-Darby canine kidney I cells. 
Evidence for a role of beta-catenin/Tcf/Lef signaling. J. Biol. Chem. 275, 9492-9500. 
 
Reig, G., Pulgar, E. & Concha, M.L. (2014) Cell migration: from tissue culture to 
embryos. Development 141, 1999-2013. 
 
Rincon-Heredia, R., Flores-Benitez, D., Flores-Maldonado, C., Bonilla-Delgado, J., 
Garcia-Hernandez, V., Verdejo-Torres, O., Castillo, A.M., Larre, I., Poot-Hernandez, 
A.C., Franco, M., Gariglio, P., Reyes, J.L. & Contreras, R.G. (2014) Ouabain induces 
endocytosis and degradation of tight junction proteins through ERK1/2-dependent 
pathways. Exp. Cell Res. 320, 108-118. 
 
Rosenthal, R., Heydt, M.S., Amasheh, M., Stein, C., Fromm, M. & Amasheh, S. (2012) 
Analysis of absorption enhancers in epithelial cell models. Ann. N. Y. Acad. Sci. 1258, 
86-92. 
 
 91 
Saitou, M., Fujimoto, K., Doi, Y., Itoh, M., Fujimoto, T., Furuse, M., Takano, H., Noda, T. 
& Tsukita, S. (1998) Occludin-deficient embryonic stem cells can differentiate into 
polarized epithelial cells bearing tight junctions. J. Cell Biol. 141, 397-408. 
 
Sawada, N., Murata, M., Kikuchi, K., Osanai, M., Tobioka, H., Kojima, T. & Chiba, H. 
(2003) Tight junctions and human diseases. Med. Electron Microsc. 36, 147-156. 
 
Schneeberger, E.E. & Lynch, R.D. (1992) Structure, function, and regulation of cellular 
tight junctions. Am. J. Physiol. 262, L647-661. 
 
Staehelin, L.A. (1973) Further observations on the fine structure of freeze-cleaved tight 
junctions. J. Cell Sci. 13, 763-786. 
 
Staehelin, L.A., Mukherjee, T.M. & Williams, A.W. (1969) Freeze-etch appearance of 
the tight junctions in the epithelium of small and large intestine of mice. Protoplasma 
67, 165-184. 
 
???????????????????? 
 
Stevenson, B.R., Siliciano, J.D., Mooseker, M.S. & Goodenough, D.A. (1986) 
Identification of ZO-1: a high molecular weight polypeptide associated with the tight 
junction (zonula occludens) in a variety of epithelia. J. Cell Biol. 103, 755-766. 
 
Sugawara, T., Nakatsu, D., Kii, H., Maiya, N., Adachi, A., Yamamoto, A., Kano, F. & 
Murata, M. (2012) PKCdelta and epsilon regulate the morphological integrity of the 
ER-Golgi intermediate compartment (ERGIC) but not the anterograde and retrograde 
transports via the Golgi apparatus. Biochim. Biophys. Acta 1823, 861-875. 
 
Tsukita, S. & Furuse, M. (2000) Pores in the wall: claudins constitute tight junction 
strands containing aqueous pores. J. Cell Biol. 149, 13-16. 
 
Umeda, K., Ikenouchi, J., Katahira-Tayama, S., Furuse, K., Sasaki, H., Nakayama, M., 
Matsui, T., Tsukita, S. & Furuse, M. (2006) ZO-1 and ZO-2 independently determine 
 92 
where claudins are polymerized in tight-junction strand formation. Cell 126, 741-754. 
 
Van Dross, R., Xue, Y., Knudson, A. & Pelling, J.C. (2003) The chemopreventive 
bioflavonoid Apigenin modulates signal transduction pathways in keratinocyte and 
colon carcinoma cell lines. J. Nutr. 133, 3800S-3804S. 
 
Van Itallie, C.M., Fanning, A.S., Holmes, J. & Anderson, J.M. (2010) Occludin is 
required for cytokine-induced regulation of tight junction barriers. J. Cell Sci. 123, 
2844-2852. 
 
Villen, J., Beausoleil, S.A., Gerber, S.A. & Gygi, S.P. (2007) Large-scale phosphorylation 
analysis of mouse liver. Proc. Natl. Acad. Sci. U. S. A. 104, 1488-1493. 
 
Wade, J.B. & Karnovsky, M.J. (1974) The structure of the zonula occludens. A single 
fibril model based on freeze-fracture. J. Cell Biol. 60, 168-180. 
 
Walker, D.C., MacKenzie, A., Hulbert, W.C. & Hogg, J.C. (1985) A re-assessment of the 
tricellular region of epithelial cell tight junctions in trachea of guinea pig. Acta Anat. 
(Basel) 122, 35-38. 
 
???????????????????? 
 
Westphal, J.K., Dorfel, M.J., Krug, S.M., Cording, J.D., Piontek, J., Blasig, I.E., Tauber, 
R., Fromm, M. & Huber, O. (2010) Tricellulin forms homomeric and heteromeric tight 
junctional complexes. Cell Mol. Life Sci. 67, 2057-2068. 
 
???????????????????? 
 
Yu, D., Marchiando, A.M., Weber, C.R., Raleigh, D.R., Wang, Y., Shen, L. & Turner, J.R. 
(2010) MLCK-dependent exchange and actin binding region-dependent anchoring of 
ZO-1 regulate tight junction barrier function. Proc. Natl. Acad. Sci. U. S. A. 107, 
8237-8241. 
 
 93 
Zavala-Zendejas, V.E., Torres-Martinez, A.C., Salas-Morales, B., Fortoul, T.I., Montano, 
L.F. & Rendon-Huerta, E.P. (2011) Claudin-6, 7, or 9 overexpression in the human 
gastric adenocarcinoma cell line AGS increases its invasiveness, migration, and 
proliferation rate. Cancer Invest. 29, 1-11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 94 
? 7 ?? ??  
? ???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????  
